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THE EFFECTS OF MODERATE EXERCISE TRAINING ON NUTRIENT
INTAKE IN MILDLY OBESE WOMEN
Abstract
by Leann Onasch
The relationship between moderate exercise training 
(five 45 min sessions/week, brisk walking at 62+2% V02max for 
15 weeks) and changes in nutrient intake was investigated in 
a group of 36 sedentary, mildly obese women, 
conducted using a two (exercise, EX and nonexercise, NEX 
groups) x three (baseline, six-, 15-week testing sessions) 
factorial design, with data analyzed using repeated measures 
ANOVA. The pattern of change over time between groups for 
kilocalorie intake tended to be different between groups 
[F(2,68)=2.50,p=0.089] with the EX group experiencing a 
significant decrease versus baseline by 15 weeks. Signifi­
cant group x time interactions were found for carbohydrate, 
diet fiber, thiamin, niacin, vitamin B-6, and folacin, with 
intake tending to decrease in the EX group in contrast to an
Change in intake of each
The study was
upward pattern for the NEX group, 
of these nutrients was significantly correlated with change
in bread/cereal consumption. The pattern of change in bread/
cereal intake over time was significantly different between 
groups [Pillais Trace=0.266,F(2,33)=5.99,p=0.006] with 
significant decreases in intake seen in the EX group at six 
and 15 weeks versus baseline values. These data suggest that 
mildly obese do not tend to eat more or improve the quality 
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A number of cross-sectional studies have compared the 
quality of nutrient intake in physically active versus inac­
tive individuals (1-11). Reviewers of this information have 
concluded that dietary quality in most athletic groups is 
little different from that of the sedentary population 
despite greater caloric intakes by athletes (12-14). Some
researchers have reported that athletes from endurance
sports tend to consume diets of slightly better quality than
Calorie and carbohydratethe general population (1,8,9,11). 
intakes in these athletes, however, are still lower than
what has been recommended for individuals engaging in
endurance exercise.
Blair et al (15) have theorized that the adoption of a 
regular exercise program may be associated with concomitant 
improvement in dietary quality. However, this hypothesis 
has not been tested using a true experimental design. 
Titchenal (16) has reviewed the few studies available in 
this area and has concluded that most are poorly designed, 
with a lack of consistency in the results.
The purpose of this study was to examine the 
relationship between moderate exercise training and changes 
in nutrient intake utilizing a randomized controlled, longi-
A group of mildly obese, sedentary, premen-tudinal design, 
opausal women were used as subjects because of their high 
potential to realize benefits from moderate exercise
1
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training (17). We hypothesized that 15 weeks of brisk 
walking by the experimental group would be associated with 
favorable changes in nutrient intake.
METHODS
Subjects
Fifty nonsmoking, premenopausal subjects were selected 
from nearly 800 women that responded to advertisements in 
local newspapers. Telephone questionnaires were utilized to 
screen subjects according to the following criteria: mildly 
obese (10-40% overweight), height of 155-170 cm, not pre­
sently on a reducing diet or exercise program, not taking 
any medications (except oral contraceptives), neither hyper­
tensive nor diabetic, nor suffering from any known metabolic 
disease, and geographic proximity (within 15-min drive).
All 50 subjects agreed to be randomly divided into either 
the exercise (EX) or nonexercise (NEX) groups. Subjects 
voluntarily signed an informed consent statement approved by 
the Loma Linda University Institutional Review Board for
Human Studies.
Experimental Design
This study was a true experiment with a two by three 
factorial design. Following notification of acceptance in 
this study, the 50 subjects were asked to attend a group 
orientation meeting to receive additional information about 
the project. Here, subjects were also informed of their
random assignment into either an EX or NEX group. The
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15-week project extended from the last weekend of January to 
mid-May 1989. Each subject participated in three testing 
sessions at the Loma Linda University Human Performance 
Laboratory (HPL): baseline, six-week, and end-of-study 
(15-week). Complete body composition, metabolic, and immune 
system data from these testing sessions are being presented 
elsewhere (18,19). Body weight and percent body fat data
are included in Table 1.
Nutritional Assessment
At the orientation meeting, subjects were instructed 
on how to record all food, water, and supplement intake
during each seven-day period prior to their HPL testing 
appointments. Subjects were instructed not to go on a 
reducing diet during the 15-week study. The only other 
dietary advice given was to eat "whatever you feel or desire 
to." The hypothesis for this study was not explained to the 
subjects. The food record booklet contained detailed written 
instructions on how to register all food intake, with a 
one-day sample record demonstrating these procedures. The 
subjects were requested to have household measuring devices 
in view at home to help them estimate portion sizes, and to 
record intake immediately after each meal.
All subjects were telephoned prior to each of their 
diet recording periods to review instructions and answer 
questions. Subjects brought their seven-day food records 
with them to their HPL testing appointments where the diet
4
record information was reviewed in detail with the subject
to clarify ambiguous entries. Food records were coded by 
five nutrition graduate students using the Nutritionist III 
data base (N-Squared Computing, Silverton, OR). A statis­
tical comparison of coding reliability between the five 
coders revealed no significant differences.
Analysis of nutrient composition was conducted using 
the Nutritionist III (N3) software program (version 4.0, 
1988). N3 contains nutrient composition data on 1887 foods 
and analyzes them by weight and percent Recommended Dietary 
Allowances (RDA) for 58 nutrients. The nutrition data are 
based primarily on the revised USDA Agriculture Handbook No.
8-1 through 8-16, and have been found to compare closely
with the USDA Nutrient Data Base for Standard Reference
Food items not included in the data base were(20) .
substituted with a similar food item of comparable nutrient
content or broken down by ingredients. Recipes supplied by
the subjects were also analyzed by ingredient or a composite 
food item was substituted when appropriate. All food record
data were entered by one graduate nutrition student with
records from the 2 groups and 3 testing dates mixed to avoid
bias.
Food exchange data were also calculated for each
subject. The N3 program computes food exchange data using




For 15 weeks the EX group followed a closely super­
vised walking program on a measured course. This consisted 
of five 45-min sessions each week at an intensity of 60% of
To ensure that the subjects exercisedheart rate reserve.
at a proper intensity, heart rates were measured by subject
At the completion ofpalpation and recorded every 0.8 km.
45 minutes the supervisor recorded their walking distance to
the nearest 0.16 km. To accommodate existing schedules the 
subjects chose to exercise in a morning or evening session, 
0630 and 1745 hrs, respectively. If an exercise session was 
missed, the subject was asked to make up the session during 
the weekend (except when testing was conducted). During the 
15-week study, the NEX group was instructed not to partici­
pate in any exercise outside of normal daily activity. Daily 
logs were kept by each individual, with mode of exercise 
recorded using 25 coded activities, and duration and/or
distance reported for each.
Statistical Analysis
Results are expressed as mean+SE. A two by three
repeated measures ANOVA with one between-subjects factor (EX 
versus NEX) and one within-subjects factor (time of
measurement) was used to analyze the data. When Box's M
suggested that the assumptions necessary for the univariate 
approach were not tenable, the multivariate approach to
repeated measures ANOVA was used (22). In the latter case
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Pillais trace statistic was used as the test statistic.
With regard to comparison among specific means, only seven 
comparisons were of interest to us. These were the contrast 
of the baseline measures with the sixth week, and fifteenth
week measurements within the EX and NEX groups and the
contrast between the NEX and EX groups at each of the three
The Dunn-Sidak procedure (22,23) wasmeasurement points, 
used to test these comparisons. Where Box's M suggested that 
the symmetry assumptions were met, the appropriate means 
square error from the univariate ANOVA was used. Where the 
assumptions were not met, simple univariate t-tests (for 
between groups comparisons) or paired t-tests (for within 
groups comparisons) were used with the Dunn-Sidak adjustment 
of significance levels for seven comparisons. Pearson corre­
lations were used to determine the association between
certain variables as noted in the results.
RESULTS
Subiects
Of the 50 women originally selected for the study, 36 
complied with all phases of testing and intervention, 
outs numbered 14, with seven from each group.
Drop-
Eight sub­
jects (three EX, five NEX) dropped out prior to baseline 
testing, and six others (four EX and two NEX subjects) 
started but failed to complete all phases of the study.
Reasons for dropping out of the study were largely 
unavoidable and included job change, marriage, family
7
problems, two pregnancies, one surgery, and one injury. 
Dropouts did not differ from study participants in BMI but 
were significantly younger (29.9+1.0 and 34.4+1.1 years, 
respectively, p=0.005).
The average age for EX and NEX groups was 36.0+1.6 and
Average BMI at baseline32.8+1.4 years, respectively (NS).
was 28.3+0.7 and 27.8+0.9 for EX and NEX groups, respec­
tively, indicating mild obesity (defined by us as a BMI
between 25 and 30).
Table 1 shows that the pattern of change in body 
weight between groups during the 15-week study was signifi­
cantly different [F(2,68)=6.65, p=0.002] with EX subjects 
experiencing no significant change in weight during the 
study in contrast to an average 1.6+0.5 kg gain in NEX 
subjects. No significant change in body fat percent 
occurred in either group.
Training Program
All subjects in the EX group complied strictly with 
the training regimen, averaging five days/week, 45
min/session. Ninety percent of all exercise sessions were 
supervised. During the first six weeks, subjects averaged 
5.0+0.1 km/session, and during the remainder of the study,
5.1+0.1 km/session. Measured exercise heart rates averaged
138+1 bpm. Using graded exercise metabolic test data, 
jects were found to average 62+2% V02max during exercise. 
Using data from the personal logs kept by each subject, all
sub-
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NEX subjects were found to have retained their pre-study
The graded exercise test data are beingsedentary habits, 
presented elsewhere (17,18). In brief, EX versus NEX sub­
jects experienced significant improvements in cardiorespi­
ratory performance ability as demonstrated by reductions in 
heart rate, ventilation, and oxygen uptake during stage two
of the Bruce's treadmill graded exercise test.
Nutrient Intake Data
Figure 1 and Table 1 summarize the kilocalorie and 
nutrient intake data for both groups during the 15-week 
study. The pattern of change over time for kilocalorie 
intake tended to be different between groups [F(2,68)=2.50,
p=0.089] with the EX group experiencing a significant 
9.1+3.9% decrease by 15 weeks versus baseline in comparison 
to a nonsignificant 9.3+7.6% gain by the NEX group (Figure 
Significant group x time interactions were also found 
for carbohydrate, dietary fiber, thiamin, niacin, vitamin 
B-6, and folacin, with intake tending to decrease in the EX
1) •
group in contrast to an upward pattern for the NEX group. 
Food exchange data are outlined in Table 2. The
pattern of change over the 15-week study between groups for 
number of bread/cereal exchanges was significantly different 
[Pillais Trace=0.266,F(2,33)=5.99, p=0.006] with significant 
decreases in intake seen in the EX group at six and 15 weeks 
in comparison to baseline. No other significant group x
time interactions were seen for the other food exchange
9
Thegroups, although a trend was seen for vegetables, 
change in number of bread/cereal exchanges from baseline to
15 weeks was significantly correlated with change in 
kilocalorie (r=0.86,p<0.001), carbohydrate (r=0.88,p<0.001), 
dietary fiber (r=0.45,p=0.006), thiamin (r=0.70,p<0.001), 
niacin (r=0.76,p<0.001), vitamin B-6 (r=0.56,p<0.001), and 
folacin (r=0.51,p=0.002) intake. Change in vegetable intake 
was correlated only with change in dietary fiber intake
Figure 2 shows that change in(r=0.43,p=0.009). 
bread/cereal intake was also significantly correlated with 
change in body weight during the 15-week study
Change in body weight was not 
significantly correlated with change in dietary fat intake
(r=0.54,p=0.001).
(r=0.14,p=0.426).
Mean percent RDA for each nutrient in Table 1 for
which RDA have been established was above 67% for EX and NEX
groups at baseline (24) . Although exercise training was 
associated with a decrease in thiamin intake by the EX
group, mean percent RDA at 15 weeks was still well above 
For vitamin B-6, however, four EX subjects at100%.
baseline were below 67% RDA in contrast to seven at 15
weeks.
Baseline kilocalorie intake by our mildly obese female
subjects in the EX and NEX groups was 14.3+5.8% and 
16.8+7.1% greater, respectively, than reported for American 
females using data from the 1986 Nationwide Food Consumption
10
Survey, Continuing Survey of Food Intakes by Individuals 
(25). By 15 weeks, however, EX subjects averaged only 
2.8+6.1% more kilocalories per day than American females in
Intake ofcontrast to 22.4+7.7% by the NEX group (p=0.05).
each nutrient listed in Table 1 was greater for our subjects
than reported for American females except for cholesterol.
vitamin B-12, and zinc.
Discussion
In this randomized controlled 15-week study, moderate 
exercise training was associated with a trend towards 
decreased voluntary caloric intake in free-living mildly
EX in contrast to NEX subjects consumedobese women.
significantly fewer daily servings from the bread/cereal 
group during the course of the study, resulting in a 
decrease in intake of nutrients important to this food
While body weight remained stable in the EX group, agroup.
1.6+0.5 kg gain was experienced by NEX subjects.
It has been repeatedly shown that an increase in
energy expenditure with exercise training by normal weight
individuals tends to be associated with an elevation in food
Woo et al (28) in a 57-day metabolic wardintake (1,26-29). 
study found that nonobese women adjusted their caloric 
intakes to match energy expenditure regardless of whether
treadmill walking was added to or subtracted from daily
It was concluded that exercise-induced metabolicactivity.
signals play a hyperphagic role in the regulation of food
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intake in normal-weight women.
Obese subjects, on the other hand, appear to maintain 
or decrease food intake in response to exercise training
Leon et al (30) reported a six percent decrease(27,30-32).
in caloric intake by a group of obese men after 16 weeks of 
a vigorous walking program, similar to our results. Both
Durrant et al (27) and Woo et al (31,32) have reported that
obese subjects engaging in moderate exercise do not 
compensate by an increase in voluntary caloric intake.
Since obese individuals have excess energy stores, the usual 
increase in caloric intake that accompanies exercise
training may not occur until these excess reserves are 
depleted (28). In other words, caloric intake does not
appear to be tightly coupled to energy expenditure in the
obese (29).
Social and psychological factors may also play a role
in the relationship between exercise training and caloric
intake. We found significant improvements in psychological 
well-being in our EX subjects beginning at six weeks (data 
being presented elsewhere (33) . The increased feelings of 
well-being may have led to an improved ability to control 
appetite. In addition, the near-daily social interaction 
between EX subjects may have prompted a greater desire to
control dietary habits.
At first examination, the combination of increased
energy expenditure and decreased caloric intake by our EX
12
subjects would be expected to lead to significant weight 
Using energy expenditure formulas developed by the 
American College of Sports Medicine (34) , we have calculated 
that the net energy expenditure (subtracting kilocalories 
expended from basal metabolic rate and activities that would 
normally have occupied the individual) from each exercise 
session was 133 kilocalories or 9,975 kilocalories for the
loss.
Using the formula of 7,000entire 15-week study.
kilocalories/kilogram body weight (35), a 1.4 kg body weight
loss should have occurred with the increased energy 
expenditure from exercise, and an additional 1.5 kg from the
Despite the methodologicaldecrease in caloric intake.
problems inherent in a study of this type, several 
explanations are possible. The subjects may not have been 
in energy balance at the beginning of the study which is 
supported by the significant 1.6+0.5 kg gain in body weight 
in the control group despite a nonsignificant increase in 
their energy intake during the 15-week study. Thus when this 
group of mildly obese subjects was instructed not to go on a 
special diet and to eat as they felt or desired, weight gain 
was prevented through the combination of moderate exercise 
training and decreased caloric intake. Weight loss would 
require greater alterations.
Our EX subjects decreased their caloric intake 
primarily by reducing their consumption of foods from the 
bread/cereal group, which led to significant decreases in
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carbohydrate and several important B-vitamins. This is the 
first randomized controlled longitudinal study to examine 
the relationship between moderate exercise training and 
change in diet. Our results do not support the hypothesis 
that exercise training is associated with a concomitant 
improvement in the quality of the diet. Our findings do 
agree with the results from a growing number of studies that 
have reported few differences in the dietary quality of 
active and inactive individuals (2,3,5,7,15). Whether or 
not results would have been different had normal weight 
subjects been utilized in our study is open to conjecture. 
Our understanding of the literature leads us to believe that
nonobese and obese subjects may both respond to exercise 
training with little improvement in quality of diet despite 
dissimilar responses in caloric intake.
Change in intake of bread/cereal was significantly 
correlated with weight change during the 15-week period.
This contrasts with findings from other studies that have
highlighted the important relationship between dietary fat 
and obesity in humans (36,37). 
starchy foods are a major factor underlying increases in 
body weight, a misconception which may have influenced our 
It is difficult to explain why, however, our
Some people believe that
EX subjects.
EX in contrast to NEX subjects decreased their bread/cereal
intake. Johnson et al (38) have also reported a significant 
decrease in carbohydrate intake in 20 normal weight college
14
females who engaged in 10 weeks of exercise, 
investigation on the exercise-training-induced response of 
females to change in foods high in carbohydrate is needed.
Further
APPLICATION
Two principles from this study and the literature 
reviewed in this article with practical implications for
dietitians include: 1) it should not be assumed that
individuals who indicate that they desire to adopt a regular 
exercise program will spontaneously improve the quality of 
their diet. Nutritional counseling is as important for 
active as it is for inactive people; 2) changes in caloric
intake with exercise training appear to be different between
obese and nonobese individuals. While the nonobese
typically increase their caloric intake with increase in 
energy expenditure, obese persons tend to maintain or 
decrease their intake. Thus exercise training by the obese 
can help prevent weight gain and should in the long term 
lead to a negative caloric balance, promoting weight loss.
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1.49*0.09 1.33*0.08 1.28*0.10 1.49*0.11 0.0051.60*0.24
1.68*0.10 1.62*0.09 0.1601.60*0.10 1.73*0.11 1.71*0.13



























vit B-6 (mg) 
folacin (ug) 













0.6051074*68 1155*661082*62 1093*85 1010*60
0.152242*23238*14 217*17 238*16224*18 212*16
0.37113.2*0.913.6*0.6 13.7*0.9 14.0*1.112.4*0.6 11.9*0.7
8.0*0.5 7.7*0.6 0.7958.4*0.77.6*0.7 7.2*0.6 8.2*0.7
2623*242 0.3822481*123 2933*2482264*140 2939*179 2750*217
.i
2417*190 0.3242389*200 2207*150 2276*193 2348*166 2455*162
p<.05 between subjects, baseline, six-weeks, or 15-week values 




T^bLe 2 Rod ottange (rurter of ottonges) data at baseline, 6 weeks, and 15 waeks (meartfSE).
Ncnesercise Group EffectExercise Groip
Groip x Time(N=IB)(H=18)
p valueRaseline 15 weeks6 weeksBa-sel ine J5 weeks6 weeks
Exrtaroes
milk 0.8710.17 0.3000.87+0.130.78+0.13 0.73+0.130.99+0.170.93+0.13
1.7610.29vegetctoles 0.0701.0410.191.2410.20 1.3310.21 1.1210.22 1.5010.34
fruit 1.6310.32 0.3902.1610.40 1.9210.37 1.9910.35 1.1710.19 1.4110.23
meat 5.2310.45 5.9310.72 5.5910.52 0.3314.9410.56 5.8210.56 5.6410.51
fat 11.6210.99 11.1810.75 14.1611.02 0.26110.4910.86 13.3210.91 14.7111.38
r-*
LEGEND FOR FIGURE 1
The 15-week pattern of change in kilocalorie intake between EX and NEX groups 
tended to be different [F(2,68)=2.50,p=0.089], with a significant decrease 
experienced by EX subjects at 15 weeks in comparison to baseline. Results expressed 
as mean+SE.
NJro





















LEGEND FOR FIGURE 2
The pattern of change in bread/cereal intake (number of exchanges) between EX 
and NEX groups was significantly different [Pillais
Trace=0.266,F(2,33)=5.99,p=0.006], with a significant decrease experienced by EX 
subjects at both six and 15 weeks in comparison to baseline. Results expressed as 
mean+SE.
pc.05 within subjects, six- and 15-weeks versus baseline values.
Number of Bread/Cereal Exchanges
oocc CD CO co co35 CD CO
rorc o cx> ^ ro cr> CDCD oCD



















LEGEND FOR FIGURE 3
Change in bread/cereal intake (number of exchanges) for both EX and NEX 
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o m y = 0.952 4- 0.399* 
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Figure 3
